M igration of the screening pigm ent in the com pound eye of the sphingid m oth Deilephila elpenor is altered by noradrenaline, as shown by microreflectometric m easurem ents on eyes of intact moths and by transmission microscopy on preparations consisting of the screening pigment cells and dioptric structures. Local application of noradrenaline inverts the reaction of the pigment to light stim ulation; light causes a contraction of the pigment instead of the normal dispersion. It is suggested that catecholam ines are involved in the normal regulation of pigment migration.
In tro d u ctio n
In the superposition eyes of sphingid m oths the intensity of the light reaching the p h o to rec ep to rs is reg u lated by m ovem ent of pigm ent granules located in specialized screening pigm ent cells (see [1] [2] [3] [4] ). In th e d ark -ad a p ted eye th e pigm ent is co n tra cte d distally betw een the crystalline cones, and m uch of the incident light is reflected by the baskets of tracheols th a t su rround the p h o to rec ep to rs in each om m atidium . T he reflected light can be seen as an "eye glow " o r a "pupillary resp o n se" (see [5] ). E xposure to an ad apting light causes the pigm ent granules to disperse, and the eye glow to d isappear. In the sphin gid m oth D eilephila elpenor the spectral sensitivity of pigm ent expansion differs m arkedly from th e spec tral sensitivity of th e retinula. T he sensitivity of the retin u la is m axim al in the green region, A .max = 525 nm , and has sm aller m axim a in the blue-violet, ^max = 440 nm , and ultra-violet (U V ), Xmax = 350 nm , regions of the spectrum [6 ] . In con trast, m axim al sensitivity of the pigm ent expansion in Deilephila has been reco rd ed in the U V region, a m edium sensitivity in the blue-violet region, and a small sensitivity, ab o u t 0 .0 1 , in the green region close to the absorption peak of the n u m erous green sensitive visual cells [7, 8 ] . T he dissim ilarity betw een th e spectral sensitivities of pigm ent m igration and of R eprint requests to Prof. H am dorf.
Verlag der Zeitschrift für N aturforschung. D-7400 Tübingen 0341 -0382/87/0700 -0973 $01.30/0 the retin u la suggests th a t in D eilephila pigm ent m igration is possibly co n tro lled by th e activity of the U V and blue-violet sensitive p h o to rec ep to rs. In o th e r species the spectral sensitivities are m ore sim i lar. In the related m oth M anduca sexta th e spectral sensitivity of pigm ent expansion m atches th e action spectrum of the retin u lar response [9] , P igm ent m igration can also be elicited in p re p a ra tions consisting of only th e screening pigm ent cells, dioptric structures and sm all visual cell rests (free from rhabdom es). T he light-induced dispersion of the pigm ent in such p rep a ra tio n s can be d eterm in ed by transm ission m icro sp ectro p h o to m etry . T he tim e course of change in transm ission m easu red in the presence of potassium chloride is sim ilar to the change in reflectance rec o rd ed in intact eyes [8 ] . It is th e re fo re possible th at th e pigm ent cells, or th e ad jacen t S em per cells, co n tain a p h o to p ig m en t, which can trigger m ovem ent of th e pigm ent granules in d e pen d en tly of p h o to rec ep to r activity. It m ay th en be asked if pigm ent expansion is co n tro lled only by a single photochem ical m echanism , p ro b ab ly in the visual cells, or if it is co n tro lled by an in teractio n betw een such m echanism s located in differen t types of retin u lar cells, i.e. in th e visual cells and in the p igm ent or Sem per cells. C hanges in th e ex tracellu lar ionic com position due to p h o to rec ep to r excitation seem s n ot to be an essential co m p o n en t in such an in teractio n , since m axim al excitation of the green sensitive p h o to recep to rs elicits only a very small expansion of the screening pigm ent. A tran sm itter m ed iated interaction betw een th e differen t cell types seem s m ore likely. In addition to the U V -blue in duced light reactio n , a n euro-hum oral regulation of pigm ent m igration is fu rth e r su p p o rted by the vast difference in reactivity of pigm ent m igration during day and night. C atecholam ines m ay be candidates fo r such cell com m unication m odulating the pigm ent m igration, as indicated by the results of the study re p o rte d here.
Materials and Methods
T he technique for m easu rem en t on intact eyes of D eilephila and on the eye p rep a ra tio n s consisting of only p erip h eral cells and visual cell rests has been described in detail [8 ] and is only briefly sum m arized here. T he eyes w ere cut tangentially to the cornea distally to the rhabdom es. T he preparatio n was placed on an agar gel containing potassium chloride, 200 mM, and glucose, 50 mM, and kept in a plexi glass-cham ber covered by a cover glass to ensure con stan t ion concen tratio n in the supporting gel and con stan t hum idity in the cham ber. A small droplet of potassium chloride solution containing the drug to be te ste d was d ro p p ed o n to the agar gel. The effect on the pigm ent m igration of the follow ing drugs 
Results and Conclusions
T he v ariatio n in tim e course of change in eye glow w ith stim ulus intensity in an intact anim al is seen in Fig. 1 a. T he eye glow was m easu red as th e n um ber o f p h o to n s p e r 1 0 ms reflected from th e trach eo lar layer. T he light stim ulus, after a latency of ab o u t 20 to 30 s, was follow ed by a decrease in reflectance. T he am plitude of the decrease was approxim ately p ro p o rtio n al to log stim ulus intensity. A m inim um was reached after about 3 m in, after which the re flectance increased to reach the initial value w ithin a n o th er 30 min. U sing brighter stim uli a diphasic tim e course of reflectance change was generally o b served (Fig. 1 b, trace R ) . A b o u t 4 min after stim ula tion an incipient increase was follow ed by a second phase of decrease. T he ensuing increase in reflec tan ce (n ot seen in Fig. l b ) lasted about 2 h. U sing the sam e stim ulating light sim ilar tim e courses of transm ission change w ere recorded from th e eye prep aratio n s consisting of distal cells only (Fig. l b , trace T ) . Bright stim uli w ere follow ed by a diphasic change in transm ission through the eye p rep a ra tio n as well as in reflectance from the intact eye. It th erefo re seem s th at the com plex m echanism eliciting the diphasic tim e course of the pigm ent m i gration is located in cells distal to the p h o to re c e p tors. This hypotheses is su pported by the experim ent o f Fig. 2 in which noradrenaline had been ad d ed to th e gel th at was applied on the cornea. A fte r the co n tro l m easurem ent (trace 1 ) the anim al was k ep t in dark n ess for 1 h, the gel containing norad ren alin e was applied, and 1 0 min later the p rep a ra tio n was stim u lated by U V light (trace 2). U nexpectedly the light stim ulation did not cause the norm al decrease in transm ission. T he opposite reaction o ccurred, the Reflectance change in an untreated eye. Trace 2: R eflec tance change in the same eye after 1 h dark adaptation and application of noradrenaline added to electrode gel. Note that in trace 2 light exposure leads to a contraction of the screening pigment instead of the normal expansion seen in trace 1. transm ission in creased , indicating th a t the pigm ent co n tra cte d in stead of dispersed.
R ev ersed responses to light stim uli w ere also o b served w hen n o rad ren a lin e , 10 mM, was applied to eye p rep a ra tio n s consisting o f distal cells only (Fig.  3) . T h e response to a U V stim ulus a few min after ap plication of th e drug was a small pigm ent co n trac tio n , seen as an increase in transm ission (trace 2 ), w hile in th e co n tro l ex perim ent the transm ission d e creased show ing th a t the pigm ent expanded (trace 1). A b o u t 30 m in later a blue light stim ulus (trace 3) elicited a large co n tractio n , w hile a subsequent U V stim ulus caused a sm aller contraction follow ed by a m onophasic expansion. T he la tte r diphasic tim e course m ay be due to the high efficiency of U V light in eliciting p igm ent expansion [8 ] . A low er co n cen tratio n of n o rad ren a lin e , 1 mM, also elicited a pig m en t co n tractio n , although of sm aller am plitude. In co n tra st, in th e p resen ce of ad ren alin e light stim ula tion led to a rap id decrease in transm ission alm ost w ith o u t latency (Fig. 4) . A d ren alin e thus enhan ced th e p igm ent expansion or possibly had no effect, i.e. if ad ren alin e h ad an effect it was opposite to th at of n o rad ren alin e. Transmission change a few min after adding noradrenaline, 10 mM, to agar gel. Trace 3: Transmission change in response to blue stimulus after 30 min in darkness. Trace 4: Transmission change in response to UV stimulus after 30 min in dark ness. Note that noradrenaline caused increase in transm is sion com parable to increase in reflectance seen in intact animal (Fig. 2) . Pilot experim ents using dopam ine show ed an ef fect sim ilar to th at of norad ren alin e, althoug h the effect was m uch less p ronounced, w hereas phenoxyb enzam ine, w hich irreversibly blocks a-rec ep to rs [10] , led to pigm ent expansion in darkness. This o b serv atio n m ay m ean th at activation of a-recep to rs by n o rad ren a lin e leads to a contraction of the pigm ent layer. Blocking the ß-receptors by dichloroisoprote re n o le did n o t change th e tim e course of pigm ent expan sio n ; a result com patible w ith the enh an cem en t o f expansion p erh ap s caused by adrenaline. Possibly rela ted to o u r results is the observation (B hatti and F leissner, p erso n al com m unication) th at the applica tio n of o cto p am in e, which also activates a-rec ep to rs, w ithin th e p h o to rec ep to rs of a scorpion leads to m o v em en t of th e screening pigm ent granules to w ards th e d ark -ad a p ted position during the an im al's light p eriod. O u r results are prelim inary, b ut hint to a system of antagonistically acting catecholam ines, possibly involved in n euro-hum oral regulation of p igm ent m igration.
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